INTRODUCTION
Despite the remarkable progress in Human Immunodeficiency (HIV) treatment [1, 2] , HIV infection remains a major global health threat. The Joint United Nations Programme on HIV and AIDS (UNAIDS) global AIDS report shows that there were 37.9 million People Living with HIV/AIDS (PLWHA) in 2018; 1.7 million became newly infected, and 770,000 people died from AIDS-related illnesses in 2018 [3] . Since 2010, the global AIDSrelated mortality has declined by 33%, but it has increased by 9% in the Middle East and North Africa (MENA) region. Besides, the new global HIV infections declined from 2.1 million in 2010 to 1.7 million in 2018; however, the annual number of new HIV infections in the MENA has increased by 10% over the same period [3] . Detailed knowledge of the HIV epidemic through data collection and analysis is crucial to guide policies and programs in the MENA region. Unfortunately, the most recent UNAIDS global AIDS report lacked data on more than half of the 21 countries in the MENA region [3] .
Oman is situated in the Arabian Peninsula, with a total population of 4,658,295; of these, 2,666,934 (57.3%) are Omanis [4] . The first case of HIV/AIDS in Oman was diagnosed in 1984, and the National AIDS Programme (NAP) was formed in 1996. There are currently 14 public treatment centers offering free HIV care including Antiretroviral Therapy (ART), HIV genotyping, HIV Viral Load (VL), and CD4 counts. The country adopted treatment for all, irrespective of CD4 cell count, in December 2015 [5] . This study aims to provide a descriptive analysis of the HIV epidemiology in Oman in 1984-2018. We will examine the change in the HIV epidemic in the country, with particular emphasis on trends of new HIV diagnoses, all-cause mortality, and survival. We hope to produce a summary that will inform policymakers and stakeholders' targeted interventions.
MATERIALS AND METHODS
In this analysis, we included all Omani HIV cases reported to the NAP from 1984 through December 2018. We used a centralized national HIV surveillance dataset. The ministry of health has been collecting individual-based HIV data since 1984. Data include demographics, HIV risk factor, reason for HIV testing, baseline CD4 count, baseline HIV VL, Hepatitis B Virus (HBV) status, Hepatitis C Virus (HCV) status, and ART details. Positive HBV status was defined as positive Hepatitis B Surface Antigen and positive HCV status was defined as positive HCV antibodies. Both baseline CD4 count and HIV VL were defined as closest measurement to HIV diagnosis. We used the UNAIDS Spectrum modeling software [6] to calculate the estimated number of PLWHA in Oman by December 2018.
We stratified data by sex, age (0-4, 5-14, 15-24, 25-49, and ≥50 years) , year of HIV diagnosis, HIV risk factor, reason for HIV testing (HIV-related symptoms, blood bank screening, patient's request, HIV contact, antenatal screening, and others, such as prisoner, tuberculosis, sexually transmitted infection diagnosis or preemployment health check), and region of residence (Muscat and outside Muscat). HIV risk factor was categorized into heterosexual, homo/bisexual, and others. HIV risk factor was labeled heterosexual and homo/bisexual when the infection was attributed to heterosexual contact and homo/bisexual contact, respectively. "Others" factor for HIV transmission included vertical transmission, Intravenous Drug Use (IDU), and blood transfusion. Year of HIV diagnosis was stratified (based on key national and international milestones in HIV care such as the availability and roll out of ART in the country) into four periods: 1984-1996, 1997-2006, 2007-2012, and 2013-2018 As we used routinely collected data, we did not seek ethical approval or written consent.
RESULTS

HIV Diagnosis
A total of 3060 Omanis were diagnosed with HIV in the period from 1984 to 2018, of whom 872 (28.5%) were diagnosed in the period from 1997 through 2006 ( Table 1) 50.1% (335/668) in 1984-1996. Figure 1 shows the HIV cases stratified by year of diagnosis and sex.
Stage of HIV Diagnosis
Of 1417 patients with a documented CD4 count at entry of care, about two-thirds (69.9%) and 45.3% had a baseline CD4 count of <350 and <200 cells/mm 3 , respectively ( 
Mother-to-Child Transmission of HIV
Coinfections
The rates of HIV/hepatitis B and C coinfection among PLWHA diagnosed in 1984-2018 were 4.2% (48/1148) and 6.5% (73/1131), respectively ( Table 3 ).
In 1992-2018, the number of Tuberculosis (TB) cases in Oman was in the range of 172-268; the average rate of HIV/TB coinfection was 3.3%. In 2017 and 2018, 0.7% (2/268) and 2.1% (5/242) of people with TB were also infected with HIV, respectively. The incidence of TB (all forms) in the general population in Oman per 100,000 population) in 2017 and 2018 was 5.6 and 3.8, respectively.
Cascade of HIV Care
On December 31, 2018, the estimated number of adults PLWHA in Oman was 3030; 1532 (50.6%) were aware of their infection. Of the diagnosed patients, 95.9%, 85.8%, and 84.3% were linked to care, retained in care, and on ART, respectively. The proportions of patients with viral suppression (HIV VL <1000 copies/mL) out of the estimated PLWHA, the diagnosed PLWHA, and those on ART were 37.3%, 73.7%, and 87.5%, respectively. The ART coverage rate increased from 53.5% (888/1661) in 2015 to 84.3% (1291/1532) in 2018 (p < 0.001). In addition, the rate of viral suppression increased from 75.7% (672/888) to 87.5% (11210.1097/ QAD.00000000000013359/1291) in the same period (p < 0.001). However, the overall all-cause mortality had remarkably fallen from 65.3% in 1997-2006 to 12.7% in 2013-2018. Male sex and increasing age at diagnosis were associated with advanced HIV disease at baseline. In contrast, female sex and decreasing age at diagnosis were associated with better overall survival. Compared with homosexuals, heterosexuals had higher rates of early HIV diagnosis and survival. In 2018, Oman attained a higher rate of viral suppression (87.5% vs 82%) and a higher percentage of ART coverage (84.3% vs 69%) than the average for the MENA region; however, the rates of diagnosed HIV were similar (50.6% vs 47%) [3] .
DISCUSSION
The recent increase in the new diagnoses in Oman may be explained, in part, by an increase in HIV testing rather than new infections as suggested by the high rate of late HIV diagnosis and the increasing percentage of PLWHA who were tested due to HIVrelated symptoms (13% in 2007-2012 and 38.7% in 2013-2018). The NAP has recommended HIV testing for patients presenting to health-care facilities with HIV indicator conditions since 2015 [5] . However, the rise in the number of new cases in persons aged 15-24 years suggests high risk-taking behavior in this cohort [7] [8] [9] that will require close study. Of note, the UNAIDS 2019 report shows that HIV incidence (0.07 per 1000 population) and prevalence (0.2 per 1000 population) in Oman were stable in 2010-2018 [3] . Future epidemiological and behavioral studies to determine the precise dynamic of HIV incidence and the key population in Oman are warranted. The observed steady reduction in the number of patients aged 0-14 years at diagnosis is best explained by the increase in ART coverage [10, 11] and introduction of antenatal screening for HIV in 2009 [12] ; indeed, the number of HIV pregnant women diagnosed through antenatal screening in 2007-2012 (n = 34) increased by more than twofold in 2013-2018 (n = 76). It is encouraging to note that the proportion of patients diagnosed at private clinics and hospitals had increased substantially from 1.4% in 2007-2012 to 9% in 2013-2018. The number of private hospitals and hospital beds in Oman has increased by more than twofold in the past 10 years [13] . Furthermore, the annual number of outpatient visits to private institutions among Omanis has been about 2 million over the same period [13] . This growth in access to private health-care underscores the critical need to expand HIV testing in the private sector; the NAP is currently working closely with private providers to achieve this.
The association between late HIV diagnosis and increased morbidity and mortality [14] is well established. Late HIV diagnosis is associated with a 10-fold increased risk of death within 12 months of diagnosis [15] . [16, 17] and the cost of treatment and care [18] . To address the issue of late and undiagnosed HIV, the NAP has recently published an HIV manual for PHC intending to expand HIV testing in PHC [19] . Evidence shows that primary and secondary care providers often miss opportunities for earlier HIV diagnosis in patients diagnosed with late HIV diagnosis [20] [21] [22] [23] .
As seen in British [24, 25] and Swiss [26] HIV cohorts, we observed a steady decline in all-cause mortality among PLWHA over the past 20 years. As of December 31, 2018, 85.6% of persons diagnosed in the pre-highly active antiretroviral therapy era had died compared with 65.3%, 34.3%, and 12.7% in 1997-2006, 2007-2012, and 2013-2018, respectively. This improvement in survival is, in large, due to the increase in ART coverage and improvement in the quality of HIV care in Oman [27] .
The high proportion of undiagnosed people living with HIV in Oman and many other countries in the MENA region could be due to several reasons. A primary factor is the high level of HIVrelated stigma and discrimination that prevent access to HIV testing facilities [28] [29] [30] . Second, HIV prevention services targeting key populations and their partners are lacking. Furthermore, social disapproval of and punitive laws against individuals with high-risk behaviors such as sex work, IDU, and men who have sex with men are prevalent in the MENA region [30] . To increase HIV testing rates in Oman, NAP has conducted several workshops and seminars to promote the current national HIV testing guidelines that recommend facility-based HIV indicator diseases guided testing and universal HIV screening of pregnant women. In addition, initiatives to assess feasibility, acceptability, and effectiveness routine HIV screening in accident and emergency departments and medical admission units are ongoing.
Strength of our study is that our data are comprehensive, including all Omani nationals diagnosed with HIV in Oman. Hence, the findings can inform future interventions targeted at various components of the HIV program in the country. Furthermore, to the authors' knowledge, this is the first study with such a detailed national epidemiological data from the MENA region.
One limitation worth noting is the inherent drawback of retrospective studies of missing data, which may lead to underestimation of the magnitude of point estimates. However, the NAP has made efforts to improve the central database over recent years. Indeed, the majority of missing data fields were among dead patients. Another limitation is that, due to data limitation, we did not include patients presenting with AIDS-defining illness, irrespective of CD4 count, in our definition of advanced HIV disease and late HIV diagnosis; this may result in underestimation of the scale of the problem of late HIV diagnosis in our cohort. Finally, the inability to compare our results to neighboring countries, due to the limited published epidemiological data from the region, makes our analyses merely descriptive.
CONCLUSION
The HIV epidemic in Oman has remained as a low-prevalence one with low rates of hepatitis and TB coinfections. Of concern, a large proportion of new HIV diagnoses continued to present late, which has resulted in a substantial increase in short-term mortality over the past 20 years. Furthermore, the 2018 cascade of care data showed that half of PLWHA in Oman remained unaware of their HIV diagnosis. Future epidemiological studies to determine the characteristics of undiagnosed PLWHA in Oman and inform targeted interventions, such as home HIV testing and community-based programs for key populations are warranted. We observed a remarkable decline in overall all-cause mortality over time due to the improvement in HIV care after diagnosis [27, 31] .
